; the mechanical damage of bacteria was very small a t good rates of oxygen diffusion into the medium. The present paper deals with the diffuse growth of various strains of mycobacteria in a defined medium containing a high concentration of Tween 80 but without albumin fraction V, by cultivation in rocked 1 tubes. The requirements for nitrogen and carbon sources were examined for these strains. A preliminary account of some of the work has already been published in Japanese (Aoyagi & Mizuno, 1956).
Smith (1947) reported turbidimetric observation of the growth of mycobacteria by using the medium devised by Dubos & Davis (1946) and Dubos & Middlebrook (1947) which contained Tween 80 and albumin fraction V in a modified Kirchner's medium and allowed a diffuse .growth of the organism. Volk & Myrvik (1953), Halpern & Kirchheimer (1954) and Miller & Roessler (1956) , reporting similar submerged cultures of mycobacteria either by aeration or by agitation, observed the logarithmic growth of the bacilli and obtained a good yield of organisms. However, all these media except that of Miller & Roessler (1956) contained albumin fraction V.
A 1-shaped culture tube devised by Monod (see Monod, Cohen-Bazire & Cohn, 1951;  van Heyningen & Gladstone, 1953) was modified by us giving good results for rocked cultures of bacteria (Matsumura, Aoyagi & Mizuno, 1956) ; the mechanical damage of bacteria was very small a t good rates of oxygen diffusion into the medium. The present paper deals with the diffuse growth of various strains of mycobacteria in a defined medium containing a high concentration of Tween 80 but without albumin fraction V, by cultivation in rocked 1 tubes. The requirements for nitrogen and carbon sources were examined for these strains. A preliminary account of some of the work has already been published in Japanese ).
METHODS

Organisms. Mycobacterium tuberculosis strains H 37
Rv, H 2, Imamura (avirulent human type); BCG; M . avium A-62; M . phlei; M . smegmatis were used (all these strains were supplied by the Department of Tuberculosis of this Institute).
Media. The liquid medium, a modified Sauton medium, used in these experiments had the following composition (g.) : asparagine, 4.0 or sodium glutamate, 4.0 ; citric acid, 2.0 ; K,HPO,, 0.5 ; MgSO, .7H,O, 0-5 ; ferric ammonium citrate, 0.05; glycerol, 60 ml. or glucose, 20. These materials were dissolved in 980 ml. distilled water, adjusted to pH 7.2 and autoclaved. When glucose was used it was dissolved separately in distilled water (20 g./50 ml.) steamed 3 times T. Aoyagi Estimation of bacterial growth. The amount of growth was estimated by using a Coleman Junior photometer, setting the base of the 1 vertically in it; the optical density (OD) observed at 500 mp. The relationship between turbidity (OD units) and dry weight, nitrogen content of bacteria, or number of viable unitslunit volume of culture under a standard condition was determined and calibration curves were constructed. The standard conditions were for bacilli grown on asparagine +glycerol medium and harvested during the logarithmic growth phase. Inoculurn and incubation. Test strains grown on Ogawa's medium (wholeegg medium) were inoculated into a modified Sauton medium (in the case of BCG, Imamura, H2 and H37Rv strains passage on potato medium was done before inoculation), subcultured three times as surface cultures in the same medium and the bacterial mass actively growing in thin layers was then harvested for the test inoculurn. A homogeneous suspension was made by grinding the bacterial mass with crystal balls (7 mm. diam.) in distilled water containing 0.5 % (wlv) Tween 80, diluted with distilled water to the required concentration; 0.5 ml. of this suspension was inoculated into 10 ml. liquid test medium to give a final bacterial concentration equivalent to 003-0.5 mg. dry weight organism/lO ml. The medium for the three successive surface subcultures before harvesting for inoculum was the same as that to be used for the test medium, but in the case of poor growth in these subcultures the standard medium (asparagine +glycerol) was used, when the possible carryover of nutrients from subcultures could not be avoided.
RESULTS
Determination of optimal concentration of Tween 80
The concentrations of Tween 80 examined were 0.05, 0.1, 0.3, 0.5, 0.7, 1.0, 2.0, 3.0 yo (wtv) . With the medium containing asparagine +glycerol every strain grew more luxuriantly the greater the concentration of Tween 80 up to 1.0 % (wlv) when using inocula prepared as described above (Fig. 1) . No differences were observed between 1 and 3 % of Tween 80. When sodium glutamate was used as nitrogen source, the optimal concentration of Tween 80 was 0.7-1-0 % (w/v). All the strains tested in this experiment showed similar results. the BCG strain glutamate +glycerol and asparagine +glucose did not give good growth on the surface subcultures for inoculum and only glutamate + glucose and asparagine + glycerol showed good growth in the test-rocked cultures.
The effect of different concentrations of asparagine and of sodium glutamate in the presence of glucose is shown in Fig. 4 and of glycerol and glucose in the presence of asparagine in Fig. 5 for the Imamura strain. Similar relations were observed with the other strains. The relationship between the total viable units and optical density during growth is shown in a typical case (Fig. 6) .
Subcultures. Every strain examined could be subcultured serially more than three times by using as inoculum 0.5 ml. of culture in the logarithmic phase. In the case of the Imamura strain (avirulent human type) and Mycobacterium smegmatis more than 25 serial subcultures were carried out in the asparagine +glucose medium. No loss of acid fastness with the Imamura strain was
Glycerol or glucose, log concn. observed after 10 serial subcultures, but a slight decrease was observed after 20 subcultures; M . smegmatis showed marked decrease of acid fastness after 10 subcultures. No significant differences of generation time or of growth curve were observed all through the subcultures both for Imamura and M . smegmatis. Electron microscopy showed no differences from the original form when organisms of the Imamura strain were observed a t the loth and 25th serial subcultures. In the present work Tween 80 at the concentration of 0.7-1.0% (w/v) (equiv. 1 0 -4~ free oleic acid in our preparation) did not show the above toxicity nor morphological changes. This was probably partly due to the size of our inoculum (Davis, 1948) , which could annul the toxic effect of oleic acid, and also to the annulling effect of high concentrations of (1952) reported that the growth of Mycobacterium tuberculosis was inhibited by agitation or by aeration in submerged cultures. We had evidence that vigorous agitation and aeration can damage bacteria (Staphylococcus aureus) mechanically especially in the early phase of the growth (Matsumura et al. 1956 ). The present work with 1 tubes used a mild rocking motion and gave sufficient aeration for luxuriant growth. When we used the medium of Dubos in 1 tubes white precipitates, possibly denatured albumin, sometimes appeared and interfered with the observation of optical density. For this reason a non-protein medium is desirable for rocked cultures. Under the conditions used the best carbon and nitrogen sources as regards growth rate were asparaginefglucose and the best as regards final yield of bacteria were asparagine + glycerol. The relatively heavy inocula used with these media made it difficult to determine the lag period of the growth curve, because of the period during the early stages of incubation (several hours, depending on the strain) while the bacterial suspension of the inoculum was becoming uniformly dispersed. To the naked eye the bacterial suspension appeared uniform but staining showed groups of 2 or 3 to more than 20 bacteria, while about one third of the organisms were always found separated from each other. Tween 80, among other surface-active agents examined (including Triton WR-1339) had the best homogenizing effect.
DISCUSSION
